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The problem of providing an adequate pathway for blood from the right ventricle to reach the pulmonary arteries arises in a number of cardiac surgical procedures. These include severe forms of Fallot's tetralogy, pulmonary atresia, truncus arteriosus, and transposition of the great arteries with ventricular septal defect.
In 1966 a conduit of homograft ascending aorta with its valve was first used to solve this problem in a patient with pu!monary atresia (Ross and Somerville, 1966) . The patient remains alive and the technique is now well established. This paper reports experience with this technique since 1966 at the National Heart Hospital.
SURGICAL TECHNIQUE
The homograft conduit consists of ascending aorta with its valve together with remnants of the anterior leaflet of the mitral valve. This tissue is obtained at routine necropsy within 48 hours of death and is currently sterilized and stored at 4°C in an antibiotic-nutrient medium (Lockey, AlJanabi, Gonzales-Lavin, and .
The insertion of the conduit presents few technical problems. The graft is trimmed to a suitable length and the coronary orifices of the graft are sutured. The graft is positioned to take advantage of its natural curvature, thus reducing distortion of the valve. The distal end of the graft is anastomosed with a continuous suture to the openedout distal pulmonary artery or the region of the pulmonary artery bifurcation and may be extended into one or other pulmonary artery as required. Proximally the graft is 'countersunk' as far as possible into the right ventricle to give a satisfactory angle of origin; this requires trimming of the edges of the right ventriculotomy. There is usually a defect present anteriorly between the graft and the right ventricle and this is closed with a Dacron or pericardial gusset (Fig. 1) (Somerville and Ross, 1972) .
APPLICATIONS OF THE TECHNIQUE
PULMONARY AUTOGRAFT REPLACEMENT OF THE AORTIC VALVE Considerable experience has been gained in reconstructing the right ventricular outflow with a homograft conduit in the operation of aortic valve replacement with pulmonary autograft (Gonzales-Lavin, Geens, Somerville, and Ross, 1970) . Since 1967, 123 operations for aortic valve replacement have been performed using the patient's autogenous pulmonary valve, which is excised early in the course of the operation once the need for replacement of the aortic valve has been confirmed (Fig. 2) .
(a) hospital deaths and three late deaths. Results in the survivors are gratifying (Somerville, 1970) , and 24 to have severe Fallot's tetralogy with a hypoplastic infundibulum, pulmonary valve ring, or main pulmonary artery, the distinction may be difficult to make preoperatively, and from a surgical point of (c) The pulmonary valve offers an ideal valve for replacement, not having been exposed to sterilization or storage techniques. The operation is technically demanding and it has been limited to younger patients. There have been no problems relating to the use of homografts in this application of right ventricular outflow reconstruction. In the group of 123 patients there have been 16 view they are varying degrees of the same basic problem. Indeed some patients who have been shown to have severe Fallot's tetralogy prior to systemic-pulmonary anastomosis have on reinvestigation failed to opacify the right ventricular outflow, and the appearance at surgery has been of pulmonary atresia.
In this difficult group of 48 patients there have been 21 hospital deaths. Reconstruction of the right ventricular outflow with a valved homograft conduit has not been technically difficult, although in one case a problem arose from compression of the graft by the sternum on closure of the chest. This was appreciated only after reopening of the chest for low cardiac output state, and the patient subsequently died. The age range of this group was 18 months to 34 years (Table I ). The 18-month-old child was unsuccessfully operated on under emergency conditions following cardiac arrest during left thoracotomy for a Blalock anastomosis. Previous palliative systemic-pulmonary anastomoses were present in 37 of the patients (Table  II) . These shunts were closed as a preliminary step to correction. In some patients a previous Waterston palliative anastomosis appeared to have kinked the right pulmonary artery and led to preferential filling of the right lung and lack of development of the segment of right pulmonary artery behind the aorta and of the left pulmonary artery. In seven patients it was necessary to dissect the right pulmonary artery off the aorta at the Waterston anastomosis and patch the right pulmonary artery to enlarge it at the shunt site. incision. An anomalous left anterior descending artery is a particular hazard; division of such a vessel led to the death of one of our patients.
In all cases the ventricular septal defect was patched with Dacron cloth (one patient had three ventricular septal defects). In addition an atrial septal defect was closed in four patients. Other procedures required at the time of correction (in addition to closure of any systemic-pulmonary anastomosis) are shown in Table III.   TABLE II A vertical incision has been preferred in the right ventricular outflow where the outflow is known to be atretic or narrowed as this incision can readily be extended up into the pulmonary artery if necessary (Fig. 3) . The coronary arterial anatomy must be borne in mind in planning the The major cause of death was failure to relieve right ventricular hypertension (Table IV) , right ventricular pressure usually being equal to or in excess of left ventricular pressure immediately after correction. This was associated with a progressively falling arterial Po2 and bleeding from the conduit anastomotic lines. In 10 patients who There was one totally unexplained death at two months, where the right ventricular outflow reconstruction looked entirely satisfactory at postmortem examination. Results in the survivors have been good and there has been no evidence of dysfunction of the homograft conduit, with the exception of one patient whose central venous pressure remained elevated and was shown to have a gradient of 60 mmHg across the conduit 11 days after surgery. In seven patients the conduit has functioned well for over five years. Duration of homograft conduit function is shown in Table VI. CORRECTION OF TRUNCUS ARTERIOSUS Correction of truncus arteriosus has been limited to five cases in our experience. There were two deaths. The pulmonary arteries were isolated from the truncus and the ventricular septal defect was closed, after which a valved aortic homograft conduit was used to reconstitute a right ventricular outflow in the usual manner described (McGoon, Rastelli, and Ongley, 1968; Weldon and Cameron, 1968) ( Fig. 4) .
CORRECTION OF TRANSPOSITION OF THE GREAT ARTERIES WITH VENTRICULAR SEPTAL DEFECT Ex-
perience with correction of transposition of the great arteries with ventricular septal defect and left ventricular outflow tract obstruction has been limited to two cases. After placing a patch to redirect left ventricular blood through the ventricular septal defect into the aorta a conduit of homograft aorta is used to reconstruct a right ventricular outflow-the proximal end of the divided pulmonary artery having first been oversewn (Rastelli, McGoon, and Wallace, 1969) ( Fig. 5) .
CORRECTION OF TRICUSPID ATRESIA AND CORREC-TION OF COMMON VENTRICLE Recently this technique has been applied in a modified form to the problems of tricuspid atresia and to common ventricle. Here the right atrium is adapted to function as a 'right ventricle' and a conduit is used as a right ventricular outflow (Fontan and Baudet, 1971; Ross and Somerville, 1973) (Fig. 6) .
Two of the four tricuspid atresia patients have survived, but the two common ventricle patients were near-terminal when operated on and did not survive long postoperatively. However, initial function was promising and it is possible that the technique may have application in this field.
DISCUSSION
The need for construction of an outflow tract for the right ventricle is common to many conditions. The technique of using a valved conduit as outlined is one approach to the problem (McGoon, Wallace, and Danielson, 1973) . This technique has given satisfactory results in our experience as well as in other centres (Brawley et al., 1972 (Kouchoukos, Barcia, Bargeron, and Kirklin, 1971) , tubes of Dacron with or without prosthetic, heterograft or homograft valves giving satisfactory results in other centres. Our early experience with tubes made of fascia lata containing a fascial valve was uniformly unsuccessful in 11 patients (Ross and Somerville, 1971) . We have been concerned about the possible adverse effect of pulmonary regurgitation where a valve is not used, and prosthetic valves may be responsible for silent thromboembolism to the lungs.
Results of using homograft aortic segments to replace sections of the aorta resected for aneurysm or coarctation showed that although calcification is heavy in the non-viable grafts their function as conduits is retained for eight to 17 years after implantation (Brock, 1968 (Barratt-Boyes, 1971; Angell, Shumway, and Kosek, 1972; . Although it may appear that a homograft aorta with its valve used in the pulmonary position may last longer, as it is subjected to lower pressures, the observation of better survival of pulmonary grafts over aortic grafts has been reported in experimental conditions (Eguchi and Asano, 1968; Pierce, Thompson, Kazama, and Waldhausen, 1971) .
The management of the outflow tract in severe Fallot's tetralogy is a subject for debate (Trusler, Iyengar, and Mustard, 1973) . We feel that the emphasis in the past on relief of obstruction may be succeeded by a greater appreciation of the need for providing a reasonably competent pulmonary valve. Although isolated pulmonary regurgitation may be benign, it may not be well tolerated where there is an increase in pulmonary vascular resistance. Although 
